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The computation of radiative energy loss in a finite size QCD medium with dynamical constituents 
is a key ingredient for obtaining reliable predictions for jet quenching in ultra-relativistic heavy ion 
collisions. It was previously shown that energy loss in dynamical QCD medium is significantly 
higher compared to static QCD medium. To understand this difference, we here analyze magnetic 
and electric contributions to energy loss in dynamical QCD medium. We find that the significantly 
higher energy loss in the dynamical case is entirely due to appearance of magnetic contribution 
in the dynamical medium. While for asymptotically high energies, the energy loss in static and 
. dynamical medium approach the same value, we find that the physical origin of the energy loss in 

■ these two cases is different. 

PACS numbers: 25.75.-q, 25.75.Nq, 12.38.Mh, 12.38.Qk 
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I. INTRODUCTION 



Jet suppression [T| is considered to be a powerful tool to study the properties of a QCD medium created in ultra- 
relativistic heavy ion collisions [2-4] . The suppression results from the energy loss of high energy partons moving 
through the plasma . Therefore, reliable computations of jet energy loss mechanisms are essential for the reliable 
predictions of jet suppression. In 0, we developed a theoretical formalism for the calculation of the first order 
in opacity light and heavy quark radiative energy loss in dynamical QCD medium (see also a viewpoint [TTj). That 
study, which incorporates dynamical effects in realistic finite size QCD medium, enables us to provide the most reliable 
computations of the energy loss in QGP so far. This work has shown that the energy loss in dynamical medium is 
significantly larger (50-70%), compared to the energy loss in static QCD medium. 

The goal of this paper is to determine what is the origin of the observed significant energy loss increase in the case 
of dynamical QCD medium. To that end, we here analyze magnetic and electric contributions to the energy loss in the 
' dynamical QCD medium, under conditions relevant at RHIC and LHC experiments. We furthermore analyze what 
t^J- , happens for asymptotically large energies, where it was previously shown that the energy loss in static and dynamical 
ly-^ ■ QCD medium takes the same value [g.flOl]. 
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II. CONTRIBUTIONS TO RADIATIVE ENERGY LOSS IN A DYNAMICAL QCD MEDIUM 



We here study the importance of electric and magnetic contributions to the medium induced radiative energy loss 
in a finite size dynamical QCD medium. In it was shown that the radiative energy loss in a finite size dynamical 

QCD medium is given by: 



AE^_ C^J^ [ dx fkfQ v(a] ( sin^±x L \ {k+q) / ( fc+g ) fc 

E ~ tt Adyn J I" ir nq) \ L (*+ffi+x L J (k+q) 2 + X { (k+q) 2 + X fc 2 + x/' 



Here L is the length of the finite size dynamical QCD medium and E is the jet energy, k is transverse momentum 

2 

of radiated gluon, while q is transverse momentum of the exchanged (virtual) gluon. a s — j- is coupling constant 
and Cr = f • v(q) is the effective crossection in dynamical QCD medium and A^ yn = C2(G)a s T = 3a s T (C 2 (G) = 3) 
is defined as "dynamical mean free path" (see also [12). X = M 2 x 2 + m 2 , where x is the longitudinal momentum 
fraction of the heavy quark carried away by the emitted gluon, M is the mass of the heavy quark, m g = /LtE/v2 is 
the effective mass for gluons with hard momenta k >T and [ie is the Debye mass. We assume constant coupling g. 
The effective crossection v(q) can be written in the following form 

V(q) = v L (q) + v T {q), (2.2) 
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where vz,(g) ( v r(q)) is longitudinal (transverse) contribution to the effective crossection, given by |qL [l3j 
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1 1 



q 2 + Ren T (0) q 2 + ReII Ti L {oo) 
Hl and Ut are HTL gluon self energies, given bvfl4j 
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where y = (I is the momentum of the gluon) and /i£ is Debye screening mass. 

By using the following properties of the HTL self-energy of the gluon [l5[ 

ReIT T , L (oo) = y 2 ^ 
Rcn T (0) = 
Reni(O) =n%, 

where fioo = he/V3 is the gluon thermal mass, we obtain 
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After replacing the effective crossection in Eq. (|2.ip . with expressions from Eqs. (|2.6p . we obtain magnetic (trans- 
verse) and electric (longitudinal) contributions to the energy loss: 
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(2.7) 



In the above equation vx(q) under the integral corresponds to the magnetic contribution (AE^ n ), while vi,(q) 
corresponds to the electric contribution (AE^ n ). From Eq. (|2.6j) . we see that Debye screening (he) renders the 
longitudinal gluon exchange (v^(q)) infrared finite, leading to a finite electric contribution to the energy loss Eq. (|2.7I) . 
The transverse gluon exchange («t(<?) in Eq. (|2.6[l ) causes a well-known logarithmic singularity [lj|, due to the absence 
of a magnetic screening. However, one should note that the magnetic contribution (AE^ n ) has to be finite as well, 
since in [H, OH [H| it was shown that the total energy loss in dynamical QCD medium is finite. Therefore, we can use 
Eqs. (|2.6p and (|2.7[) to numerically study electric and magnetic contributions to dynamical energy loss, which will be 
done in Section ITVl 



III. ASYMPTOTIC LIMIT OF HIGH ENERGIES 



We here analyze magnetic and electric contributions to the dynamical energy loss in the limit of high energies. The 
limit is obtained from Eq. (|2.7j) when E + ss 2E — > oo. In such a limit finite mass effects are negligible. Additionally, 
fcmax = 2EyJx(l — x) -> oo as well, which enables us to introduce a substitution k' = k + q in Eq. (|2.7[) . With these 
simplifications, Eq. (|2.7j) becomes 



A< n E C R a s L f d 2 k' d 2 q 2q-(q-k') ( 

' dx ~ — v T,L(q) 1 ptt— > (3-1) 
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where «t, l(<z) is given by Eq. (|2.6I) . 
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After performing the angular integration, taking the derivative over distance L of the above expression and per- 
forming the integral over k' 2 , we obtain 
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where 7 sa 0.577216 is Eulcr's constant and Ci(y) is the cosine integral function. 

Finally after performing the integration over x, we obtain (in the limit when E — > 00) 
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Therefore, for the asymptotically large jet energies, the Eq. Q3.3P reduces to 
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where we used q n 



V 4£T [13]. Finally, fractional energy loss then becomes 
A< yn _ C R a s L 2 ^ f4ffT 
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From the above two equations, it directly follows that, in the asymptotic limit, the ratio of magnetic and electric 
contributions to the dynamical QCD medium is equal to i (i.e. 2 = ^). Therefore, for dynamical QCD medium 

(in asymptotic limit), two thirds of the energy loss contribution comes from the longitudinal gluon exchange (electric 
contribution), while one third of the contribution comes from the transverse gluon exchange (magnetic contribution). 

It was previously shown that, at asymptotically large jet energies, static and dynamical energy losses become 

equal up to a multiplicative constant that can be renormalized. One should note that, in static QCD medium, 
only longitudinally polarized gluons give rise to the energy loss. Therefore, we have shown here that, while at 
asymptotically high energies, dynamical and static energy losses become numerically equal, their physical origin is 
different: For dynamical medium both longitudinally and transversely polarized gluons contribute to the energy loss, 
while for static medium there is only contribution from longitudinally polarized gluons. 



IV. NUMERICAL ANALYSIS 



In this section we first use Eqs. (|2.6p and (|2.7p to study the importance of magnetic and electric contributions to 
the energy loss in dynamical QCD medium. The analysis is done in the energy range relevant for both RHIC and 
LHC experiments, and for the case of light, charm and bottom quarks. 

In the numerical analysis we use the following parameters: We consider a quark-gluon plasma of temperature 
T = 225McV, with n/ = 2.5 effective light quark flavors, and strong interaction strength a s = 0.3, as representative 
of average conditions encountered in Au+Au collisions at RHIC. For the light quark jets we assume that their mass 
is dominated by the thermal mass M = ^_e/v6, where (1e = gT^l+Nf / 6 w 0.5 GeV is the Debye screening mass. 
The charm mass is taken to be M= 1.2 GeV, and for the bottom mass we use M = 4.75 GeV. To simulate (average) 
conditions in Pb+Pb collisions at the LHC, we use the temperature of the medium of T = 400McV. 

In Figs. [1] and [2] we compare the momentum dependence of the magnetic and electric contributions to the radiative 
energy loss in dynamical QCD medium. Figure Q] corresponds to RHIC conditions, while Fig. [5] corresponds to 
LHC conditions. The figures show that for all three types of quarks, and for both RHIC and LHC conditions, i) both 
electric and magnetic contributions play a significant part in the energy loss, ii) electric contribution is similar (though 
somewhat smaller) compared to the total energy loss in static QCD medium (note that in static QCD medium, only 
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FIG. 1: Fractional radiative energy loss as a function of momentum for an assumed path length L = 5fm and a medium of 
temperature T = 225 MeV ("RHIC conditions"). Left, center and right panels correspond respectively to light, charm and 
bottom quarks. Dotted and dashed curves correspond, respectively, to magnetic and electric contributions to the energy loss 
in a dynamical QCD medium, while dot-dashed curve corresponds to the energy loss in a static QCD medium (see [3). 
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FIG. 2: Fractional radiative energy loss as a function of momentum for an assumed path length L = 5fm and a medium 
of temperature T — 400 MeV ("LHC conditions"). Left, center and right panels correspond respectively to light, charm and 
bottom quarks. Dotted and dashed curves correspond, respectively, to magnetic and electric contributions to the energy loss 
in a dynamical QCD medium, while dot-dashed curve corresponds to the energy loss in a static QCD medium (see di- 



electric contribution to the energy loss exists [l2j )■ This leads to the conclusion that the increase in the energy loss 
in dynamical (relative to the static) QCD medium, exclusively comes from the magnetic contribution. 

In Figure [3J we plot the transverse momentum dependence of the exchanged (the left panel) and emitted (the right 
panel) gluon spectrum. For both exchanged and emitted gluon spectrum, we observe similar behavior of the electric 
contribution in dynamical and static QCD medium; this is consistent with the similarity between electric contribution 
to the energy loss in dynamic and static QCD medium shown in Figs. [T] and [2] On the other hand, we observe a 
qualitatively different momentum dependence for electric and magnetic contributions in the exchanged momentum 
spectrum (the left panel in Fig. [3]). In particular, we see that magnetic contribution to the energy loss comes almost 
exclusively from low momentum spectrum (where \q\ < lGeV). This difference between the electric and magnetic 
contributions does not appear in the emitted gluon spectrum (see the right panel in Fig. [3]), which is a consequence 
of the fact that the difference between electric and magnetic contributions comes exclusively from vt, l (<z) (that does 
not depend on k and is a property of the exchanged gluon only). 

In Fig. U we analyze relative importance of magnetic and electric contributions for increasingly large values of jet 
energy. In order to see how the asymptotic limit discussed in the previous subsection is approached for energies at 
RHIC and LHC. Right (left) panel of the figure corresponds to the RHIC (LHC) case. For both cases, we see that 
relative importance of magnetic contribution decreases with the increase in jet energy, in similar way for all three 
types of quarks. We note that, for asymptotically large jet energies, the ratio will reach a limiting value of 1/2, 
consistently with the analytical result shown in the previous section (data not shown). 
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gluons for light quarks traveling for L = 5fm through a dynamical or static QCD medium. Assumed temperature of the 
medium is T = 225 MeV ("RHIC conditions"). Dotted and dashed curves correspond, respectively, to magnetic and electric 
contributions to the transverse momentum spectrum in a dynamical QCD medium, while dot-dashed curve corresponds to the 
momentum spectrum in a static QCD medium. The initial charm quark energy is assumed to be 20 GeV. Note that \q\ and 
|fe| are denoted as qx and kx in the figure. 
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FIG. 4: Ratio of magnetic and electric contributions to the radiative energy loss in a finite size dynamical QCD medium for 
light, charm and bottom quark (full, dot-dashed and dashed curve, respectively). Left (right) panel corresponds to the RHIC 
(LHC) case, with assumed temperature T = 225 MeV (T = 400 MeV). 



V. SUMMARY 



In this paper we studied the origin of the energy loss increase in dynamical QCD medium relative to static QCD 
medium. While energy loss in static QCD medium has only electric contribution from the gluon exchange, we find 
that, in dynamical QCD medium, both electric and magnetic contributions exist and are comparable. Since electric 
contributions in static and dynamical QCD medium are approximately equal at RHIC and LHC energies, the boost 
of energy loss results relative to the static QCD medium comes entirely from the additional magnetic contribution 
in the dynamical QCD medium. Furthermore, while energy loss in dynamical QCD medium approaches the static 
results for asymptotically high energies, the physical origin of the energy loss is different for dynamical and static 
case in this limit: In the static case, the entire energy loss comes from the electric contribution, while for dynamical 
medium one third of the energy loss comes from magnetic contribution. 

The calculation presented here is based on HTL perturbative QCD, which requires zero magnetic mass. On the 
other hand, different non-perturbative approaches [L9l - l22| suggest a non-zero magnetic mass for RHIC and LHC case. 
Since this paper established significance of the magnetic contribution in the radiative energy loss, the work presented 
here therefore opens the following question: Is it possible to consistently include finite magnetic mass in the dynamical 
energy loss calculations, and how this inclusion would modify energy loss result? Addressing this question is our next 
important goal. 
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